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Specifications 

1. Title of invention: 

Method of purifying tetrafluoromethane gas 

2. Claims: 

(1) A method of purifying tetrafluoromethane gas, characterized in 
that a laser is shown on the tetrafluoromethane gas and the fluorine 
compounds are separated. 

(2) A method of purifying tetrafluoromethane gas in accordance with 
Claim (1), characterized in that the aforementioned fluorine 
compounds are CF S CI and/or CF 2 CI 2 . 

(3) A method of purifying tetrafluoromethane gas in accordance with 
Claim (1). characterized in that helium or argon, etc., is added to the 
aforementioned tetrafluoromethane gas as a buffer gas. 

(4) A method of purifying tetrafluoromethane gas in accordance with 
Claim (1), characterized in that hydrogen, chlorine, etc., are added to 
the aforementioned tetrafluoromethane gas as acceptors. 

(5) A method of purifying tetrafluoromethane gas in accordance with 
Claim (1), characterized in that the fluorine compounds produced by 
the laser reaction are separated by adsorption or distillation. 

3. Detailed Explanation of invention: 

This invention concerns a method of purifying tetrafluoromethane 
gas (CF 4 ). 

in recent years, with the progress of semiconductor production 
techniques, integrated circuits, such as ultra-LSI, have come to be 
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produced by the dry etching method using gas plasma. 

CF 4 is used as an etching gas in this method, in the process of 
producing CF 4 , CF,CI, CF 2 CI 2 CO, etc., come to be contained in it as 
impurities. Among these, CF,CI is contained in crude CF 4 in the proportion 
of several percent to more than 10%, and if it remains in the cf 4 it 
obstructs stable etching. 

up to now, the CF S CI and cf 2 ci 2 in the CF 4 have been removed by the 
distillation method. However, this method requires a low-temperature, 
high-pressure atmosphere, and in cases in which the CF 3 CI concentration 
is 1% or less, a high flow rate is required, which in turn requires a large 
quantity of energy. For plasma etching, CF 4 with a purity of about 
99.99% or higher is desirable, but the proportion of the expense of the 
purification of CF 4 by the distillation method in its cost becomes very 
high as the purity is raised. 

Theoretically, it is also possible to remove CF,CI by adsorption, but 
since it is similar to CF 4 in its chemical properties, no suitable adsorbants 
have been discovered, and there are no prospects at present for 
developing this method industrially. 

The purpose of this invention is to purify large quantities of CF 4 to 
high degrees of purity in a simple manner. 

This purpose can be accomplished by shining a laser on the 
tetrafluoromethane gas containing cf,ci and cf 2 ci 2 , absorbing the 
photons in the fluorine compounds, and bringing about a chemical 
reaction, after which the reaction products produced are removed. 

The method of purifying tetrafluoromethane gas CF 4 by means of 
this invention will be explained with reference to Fig. 1. in Fig. 1, 2 is a 
tube-type laser reactor. The laser 1 is, for example, a C0 2 TEA-type pulse 
laser; it shines in the horizontal direction in the reactor 2. 5 is multiple 
reflecting mirror; its purpose is to make the use of the laser light more 
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effective by reflecting back the transmitted laser light. 

The crude CF 4 gas which enters the reactor 2 from the opening 3 
contains cf,ci at several percent to more than 10%; it flows in the same 
direction as the direction the laser light shines, or in the opposite 
direction, if a suitable linear speed is selected for the crude cf 4 gas, the 
gas receives the necessary number of laser pulses during its residence 
time in the reactor, and it is then released from the outlet 7. 

in the reactor, the CF,CI is transformed to C 2 F 6 , etc., primarily by the 
reactions 

Both of these products have properties considerably different from 
those of CF 4 ; therefore, they can be easily separated by mans of an 
ordinary separation device 6. This separation device 6 may be a 
distillation device, a flash separator, or an adsorption/distillation device. 

if a second gas, such as H 2 , He, or Ar, is added to the cf 3 ci, the rate 
of the reaction due to the laser light is increased. These gases act as 
buffers or acceptors. 

For example, if H 2 is added at 10 torr to 1 atm of the crude CF 4 , 
containing 60 torr CF,CI, the conversion rate dA per pulse reaches as 
much as 10%. in order to decrease this 7.9% CF,CI to 0.01%, a conversion 
rate of 99.9% (7.9/7.9-0.01) is required. From the relationship i-erp(-dAt) = 
0.999, t=69; a 7.9% impurity can be reduced to 0.01% with only 69 pulses. 

to produce 99.99% CF 4 from crude CF 4 containing 7.9% CF S CI at the 
rate of 20 tons per year, it is necessary to treat 0.05 g CF,CI, contained in 
0.6 g crude CF 4I per second. The operating pressure used is 1 
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atmosphere, and the temperature used is a normal temperature, if the 
volume flow rate of the crude CF 4 is assumed to be 134 cmVsec, and the 
cross sectional area of the reactor is 100 cm 2 , the linear speed will be 1.34 
cm/sec. in this case, the rate of repetition of the laser is, for example, 2 
Hz, and the tube length used is 45 cm. 

in this way, this invention makes it easy to obtain a highly pure CF 4 
by using a reactor and a small-scale laser. 

4. Simple Explanation of Drawings: 

Fig. 1 shows an explanatory drawing of the method of purifying 
tetrafluoromethane gas of this invention, in the drawing, 1: laser, 2: 
tube-type reactor. 3: gas inlet; 4: optical window; 5: mirror; 6: separation 
device; 7: gas outlet. 
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